Replication of Minute Virus of Mice in Chinese Hamster
Ovary Fibroblasts (Accepted ~o February I977) SUMMARY Minute virus of mice (MVM), a parvovirus, replicates in Chinese hamster ovary (CHO) cells. Although replication of the virus cannot readily be detected by haemagglutination, it can be measured by plaque assay on mouse strain LM cells.
Parvoviruses are divided into two subgroups, the adeno-associated viruses, which replicate only in the presence of helper adenovirus, and the second subgroup which are capable of multiplying in susceptible cells without a helper virus, although replication is strictly dependent on a host function(s) expressed transiently during the cell cycle (Rose, ~974) . For example, members of the second subgroup, Kilham rat virus (RV), H-I, and minute virus of mice (MVM), as well as Lu IlI virus, all require a cellular function(s) expressed in late S-phase of the cell cycle (Tennant & Hand, ~97o; Salzman, White & McKerlie, I972; Rhode, ~973; Tattersall, Crawford & Shatkin, ~973) . A DNA virus which is absolutely dependent on a host cell S-phase function should prove to be an invaluable probe for the dissection of events associated with S-phase in the eukaryotic cell, and indeed studies along these lines are in progress (Rhode, I974; C. R. Aste!l, unpublished results).
At the same time, the field of somatic cell genetics, although a very new area, had advanced to the stage where a number of mutants, including those which are phenotypically conditional lethal (temperature sensitive), have been selected, and most of these appear to have arisen due to genetic rather than epigenetic phenomena (see review by Siminovitch, ~976). It therefore seems probable that a study of the replication of parvoviruses in ts Dna cells (cells with a temperature sensitive defect in DNA replication) should prove to be a new and valuable approach to the analysis of events associated with S-phase in the eukaryotic cell. In approaching such a study of the mechanism and control of DNA replication in mammalian cells, a number of suitable mutants of Chinese hamster ovary (CHO) cells are available, and it is the purpose of this study to document the fact that a parvovirus (minute virus of mice) does replicate in CHO cells.
CHO cells appear to be non-permissive for many DNA viruses and from a search of the literature no reports of the replication of parvoviruses in these cells was found (Toolan, I968; Rose, I974) . It is believed that any reports in the literature of replication of parvoviruses in hamster cells or hamsters refer to Syrian hamsters, Mesocricetus aurautus and not Chinese hamsters, Cricetulus griseus. Furthermore, some virologists are of the opinion that no parvoviruses identified to date replicate in Chinese hamster cells. The present study shows the replication of one parvovirus, minute virus of mice (MVM) in CHO cells. In some CHO cell lines MVM replicates as well as it does in mouse strain LM cells. The choice of MVM appears to have been a fortuitous one, as Rhode has tested the replication of at least 5 other parvoviruses (HI, H3, HT, KRV and LuII1), and found that none of these viruses replicate in CHO cells (S. L. Rhode, personal communication) .
In preliminary experiments it was observed that infecting subconfluent monolayers of CHO cells with MVM, at a multiplicity as low as o. cytopathic effect similar to that observed with mouse LM cells. By 20 h post-infection some cells were highly refractile, and the cytoplasm was stretched out into several long fibres attached at the ends to the dish. The nucleus remained as a central bulge within the cytoplasm. After extended incubation (36 to 48 h), these cells rounded up and sloughed off the dish.
However, some parvoviruses display an abortive infection in certain cell lines, resulting in c.p.e., without the production of infectious virus (Toolan, 1968) . In an effort to determine if MVM replicates in CHO cells, lysates of AUXBI cells were tested for their ability to agglutinate guinea pig RBCs. AUXBI cells are a mutant CHO cell line derived by McBurney & Whitmore (z974) from WT pro-cells. The particular line used here was a pro + revertant. This mutant has a defect in folate metabolism rendering the cells auxotrophic for glycine, adenosine, and thymidine. All cell lines used in this study were grown in c~ medium (Stanners, Eliceriri & Green, 197i ) lacking ribonucleosides and deoxyribonucleosides supplemented with Io ~ foetal calf serum (FCS). The medium used with AUXBI pro + cells was supplemented with IO #g/ml each of adenosine and thymidine (~ medium contains glycine). For the preparation oflysates, 5 x io 5 cells were plated in 6o mm dishes and infected at a multiplicity of 25 to 5o p.f.u./cell for I h at 34 °C. Unadsorbed virus was removed and the plates washed five times with PBS (5 ml each wash). Two ml of ~ medium plus Io ~o FCS was added and incubation at 34 or 39 °C continued for the times indicated in Table I . Lysates were prepared by freezing the cultures in the dishes, thawing and adding 0'5 ml of 0"5 M-tris, O'OO5 M-EDTA (pH 8"5) to each dish, and freezing and thawing twice more. Cells Table I . were scraped up and the debris pelleted by centrifuging at IOOO rev/min for IO min. The supernatant was removed and neutralized with o'25 ml of t M-Hepes buffer. The final volume of each lysate was z'75 ml. The haemagglutination assay of the lysate is described in the legend to Table I . The results in Table I show that replication of MVM in CHO cells is not detected in lysates prepared at 34 °C. When the infection was carried out at 39 °C haemagglutination was first detected at ~8 h and the maximum HA titre reached only Ion. In comparison, lysates prepared at both 34 and 39 °C in mouse cells readily agglutinate guinea pig RBCs, reaching a maximum titre of 330o. Haemagglutination by infected LM cell lysates was not inhibited by addition of CHO lysates, indicating that there was no inhibitor of haemagglutination in CHO lysates Because haemagglutination can be a relatively insensitive test for virus particles and also is not a measure of infectious particles, these same lysates were assayed for infectious virus by plaquing on mouse LM cells. The cells (I "5 × IO5) were allowed to attach to 6o mm dishes. Dilutions of virus lysates were adsorbed to the cell sheet for I h at 34 °C. After removal of unadsorbed virus, the cell sheets were overlaid with c~ medium+ ~o ~ FCS containing o'9 ~ agar. Plates were incubated at 34 °C for 7 days, fixed with formaldehyde and stained with methylene blue. The resultant growth curves are shown in Fig. I . In addition to mouse LM cells, and CHO, AUXBI cells, I have included the data obtained using another CHO cell line, A4o2-7. Clearly the virus does replicate in CHO cells, albeit, in some cell lines (e.g. AUXBt, 34 °C), not as well as in mouse cells. Replication is delayed in all cells at 34 °C relative to 39 °C, and replication of the virus in CHO cells is delayed relative to replication in LM cells. Both CHO and mouse L cells have a generation time of I6 to I8 h at 39 °C and zo to 24 h at 34 °C. The increase in infectious virus expressed as a ratio of p.f.u./ml of lysate at 36 h compared with 6 h post infection indicates that there is an amplification of virus of it-fold to greater than Into-fold.
Haemagglutination assay of growth of MVM in mouse LM cells' and CHO (AUXB~) ceus
To verify that virus amplified in CHO ceils was in fact MVM and not a contaminating virus, it has been demonstrated that infectivity produced by CHO cells and LM cells showed similar kinetics of inactivation by heat and MVM-specific antiserum (data not shown).
Further experiments were carried out to determine the multiplicity of infectious virus needed to infect all the cells in a culture. Fluorescent antibody staining indicated that a multiplicity of I2OO p.f.u./cell is needed to infect more than 9o ~ of the CHO cells. In comparison, with LM cells, more than 9o ~ of the cells are stained with the fluorescent antibody when these cells were infected at a multiplicity of 3o p.f.u./cell (data not shown).
In conclusion, it has been demonstrated that CHO cells are capable of supporting the replication of minute virus of mice, and that this is readily measured by plaque assay on mouse strain LM cells. Having established that MVM does replicate in CHO cells, it is now possible to use this virus as a probe to examine the cellular defects in ts Dna-cells.
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